Effect of superabsorbent polymers, superplasticizer and additional water on the setting of cementitious materials by Snoeck, Didier & De Belie, Nele
INTERNATIONAL Journal of 3 R’s     Apr – Jun 2014 
721
1.0 INTRODUCTION
Superabsorbent polymers (SAPs) are able to absorb up 
to 500 times their own weight in aqueous solutions due 
to osmotic pressure. Their long chains of linear polymers 
are interconnected at several points (crosslinks) and if 
an aqueous solution is absorbed, the chains will expand, 
causing the polymer to swell. Due to this interesting and 
useful feature, they are used in the hygiene, medical and 
building industry [1, 2]. In the building industry, they are 
used to mitigate autogenous shrinkage [3-6], to increase 
the freeze-thaw resistance [7, 8], and also for self-sealing 
[9-11] and self-healing [12, 13]. 
In these applications, mostly additional water is added 
to compensate for the loss in workability as the SAPs 
will absorb mixing water during mixing. The amount 
of additional water added is hereby dependent on the 
mixture composition, and the type and size of the SAP. 
A study of the rheological behaviour of the mixture 
can determine the additional water needed [3, 14]. The 
additional water is then held by the SAPs and released 
in time, which is useful for internal curing by maintaining 
the relative humidity and the reduction in autogenous 
shrinkage. Afterwards, as the SAPs shrink back to their 
original size, they leave macro pores behind. These voids 
are interesting for increasing the freeze-thaw resistance 
as the voids act in the same way as if an air-entraining 
agent is added.
Another way to compensate the loss in workability is the 
use of a superplasticizer. But the latter may influence 
the hydration. One of the characteristics influencing the 
practical application is the possible delayed hydration. If 
the mixture has a long setting time, the formwork cannot 
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A B S T R A C T 
Superabsorbent polymers (SAPs) are particles which can take up a significant amount of fluid without dissolving and are already 
applied in cementitious materials. Water or superplasticizer needs to be added to compensate for the loss in workability, but 
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be removed early. This effect will therefore result in a delay 
in the construction process. Most types of superplasticizer 
do have this effect. A superplasticizer not only affects the 
fluidity of a cement paste, but also causes a stiffness like 
pseudo-setting or a remarkable retardation of setting [15]. 
For example, in literature, the initial setting was found to 
be delayed by 50% and the final setting by 10-30% in time 
when using 1.5 m% of cement weight of polycarboxylic 
ether, modified polycarboxylate or melamine formaldehyde 
[16]. A polycarboxylate-type superplasticizer retarded the 
initial set by 1 h and the final set by 2 h in slag pastes (1 m% 
of binder weight) [17]. A delay of 2 h in hydration time and 
an increase in heat evolution over several hours (3-17 h) was 
found when using 0.3v% of superplasticizer (experimental 
superplasticizers based on polycarboxylic acid). The 
time between the main hydration peak and the shoulder 
attributed to the consumption of calcium sulphate seemed 
to be prolonged as well [18]. Data on the degree of delayed 
hydration caused by SAPs are scarce in literature. Dudziak 
and Mechtcherine [19] showed that the final setting of 
specimens with SAPs, additional water – to compensate for 
the entrained water compared to SAP-less sample - and an 
increased amount of superplasticizer (0.37 w% of cement 
weight), was postponed by 2 to 4 h.
In this study, the effect of SAPs on the early age properties of 
cementitious materials will be studied. The fresh properties 
will be determined with slump tests and the setting will be 
studied by means of ultrasonic pulse velocity measurements 
and penetrations tests. This will give a general overview of 
the effects of SAPs, superplasticizer and additional water 
on the early-age properties of a cementitious composite. 
Hardening of a mixture determines the microstructural 
development, and this is a key parameter in the moisture 
transport processes. Microstructural properties then 
directly affect the strength and permeability characteristics 
of the cementitious material. These properties were already 
studied on the same mixtures in earlier research [20].
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